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NOAA-L and NOAA-M AMSU-A Antenna Pattern Corrections

Tsan Mo
Climate Research and Applications Division
Office of Research and Applications
NESDIS/NOAA
5200 Auth Road, Camp Springs, MD 20746

ABSTRACT

A procedure for making antenna pattern corrections to antenna temperatures of the Advanced
Microwave Sounding Unit-A (AMSU-A) is presented. Antenna efficiencies, fractions of total
power, over three different solid-angle regions subtended at the satellite by the Earth, cold space, and
the satellite platform were calculated at thirty Earth views and four possible cold space calibration
positions. These calculated results simplify the process for correcting antenna temperature

measurements to retrieve the true brightness temperatures from AMSU-A data.



1. INTRODUCTION

In May 1998, NOAA launched the first of a new generation of total-power microwave radiometers,
the Advanced Microwave Sounding Unit-A (AMSU-A), on its NOAA-K, L, M, N and N’ series of
Polar-orbiting Operational Environmental Satellites (POES). Each AMSU-A instrument consists of
two separate units, AMSU-A2 with two channels at 23.8 and 31.4 GHz, and AMSU-A1 with twelve
channels in the range of 50.3 to 57.3 GHz and another one at 89.0 GHz. Totally, AMSU-A furnishes
fifteen channels. Description of the AMSU-A instrument and its radiometric performance has been
reported elsewhere [1]. In tandem with each AMSU-A, there is also an AMSU-B, which has five
channels with two channels at 89 and 150 GHz, and three channels around the 183 GHz water vapor
lines. AMSU-B, which is provided by the U. K. Meteorological Office, is for humidity sounding and
has been described elsewhere [2]. Only a brief description of the AMSU-A instruments is given here.

AMSU-A1 uses two antenna systems to provide the twelve oxygen band channels (3-14) for
retrieving the atmospheric temperature profile from the Earth’s surface to about 50 kilometer (km),
or from 1000 to 1 millibar (mb). The remaining three channels (1 and 2 from A2; and 15 from Al)
aid the retrieval of temperature soundings by the correction of surface emissivity, atmospheric liquid
water, and total precipitable water. These window channels also provide information on precipitation,

sea ice, and snow coverage.

Table 1 lists some of the main NOAA-L AMSU-A channel characteristics, which include the channel
frequency, number of bands, band width, and radiometric temperature sensitivity (or NEAT) for each
channel. Similar results for NOAA-M AMSU-A are given in Appendix A. Each antenna system
consists of an offset parabolic reflector housed in a cylindrical shroud. The reflectors rotate one
complete revolution every 8 seconds during which 30 Earth scenes (also referred to as beam positions,
within #48°20' from nadir and each separated by 3°20") will be sampled in a stepped-scan fashion.
Data for onboard calibration are obtained from views of cold space and a blackbody target once every
8 seconds at the end of each scan line. Beam positions 1 and 30 are the extreme scan positions of the
Earth views, while beam positions 15 and 16 are at 1°40' and -1°40' from the nadir direction,

respectively.

Measurement of the antenna pattern is an important part the AMSU-A calibration process. AMSU-A
specification requires that the antenna beam width at half-maximum points (3-dB width) should be

LN
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3.3°+10% and that the main beam efficiency, which is defined as the ratio of the power (including
both co- and cross-polarizations) received by an antenna within its main beam to the total power
received from all solid angles, mustbe >95%. Here, the main beam is defined as 2.5 times the 3-dB
beamwidth. The remaining portion (=5%) of the total power received by the antenna via its side lobes
originates from a wide angular range that includes the satellite platform and cold space (sky), where
the cosmic background brightness temperature, 2.73K, is considerably less than the Earth’s
temperatures. In a previous study [3], a procedure for making the antenna pattern side-lobe
corrections to the antenna temperatures at 30 Earth scenes from the NOAA-K AMSU-A was
developed. Following the same process, we studied the NOAA-L and -M AMSU-A antenna pattern
corrections. The main beam efficiency and 3-dB beamwidth for each channel were also calculated
for comparison with the AMSU-A specifications.

2. ALGORITHM DEVELOPMENT

The approach for formulating the procedures in making the antenna pattern corrections for the
AMSU-A instrument has been given elsewhere [3]. Only a brief description of the appropnate
formulas for calculating the antenna pattern corrections is presented in this section

A geometric sketch of the scanning AMSU-A antenna on a satellite is shown in Figure 1, where the
satellite, S, is at aheight h = HS (h = 833 and 870 km for morning and afternoon POES, respectively)
above the Earth’s surface. A Cartesian coordinate system x'y’z’ is placed at the Earth’s center O. We
assume that the y'-z’ plane contains the POES’s orbit. Without loss of generality, the AMSU-A
antenna boresight is assumed to scan crosstrack in the x’-z’ plane to acquire data at 30 Earth views,
cold space and the blackbody target, respectively. For convenience, a second coordinate system xyz,
which is parallel to the first set, is attached to the satellite S. Another coordinate system uvw, which
is useful in performing integrations involving antenna pattern functions, is obtained by rotating the
x-z plane around the y-axis by an angle f (defined below). After this rotation, the w-axis aligns with
the negative boresight direction.

Assume that the AMSU-A antenna system looks at the boresight direction B (in the x-z plane), which
makes a scan angle B (=£-OSB) with the nadir (or -z axis). Let P denote a general ray pointing at an
arbitrary direction defined by Q = (0, ¢), where 0 is the angle £ OSP measured from the nadir and
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Figure 1. (a) Geometric sketch of the satellite and Earth relationship.
(b) Define the angle y in the uvw coordinate system. The
vector SP’ is the projection of SP on the u-v plane.



where

80) = [ " Glevy)dd (10)

The antenna temperature T,(B) in Equation (9) consists of three components which are represented
by the three integrals on the right-hand side, where the Tg(0), T, and T,, denote the brightness
temperatures of the Earth, cold space and satellite platform, respectively. The integration limit 0ax
in Equation (9) is the half-cone angle subtended by the Earth and 20-km atmosphere at the satellite
which is at a height of h = 870 km above the Earth’s surface for NOAA-L. Following previous
reports [7], the atmosphere below 20 km is considered as an extended shell of the Earth for computing
the antenna pattern side-lobe corrections. It can be shown from Figure 1 that 0, is defined by

— ein-l
Gmax—sm (

R +20) an

R+h

where R is the Earth’s radius and h the height of the satellite. This gives 0, = 61.96° with R=6371.2
km. The factor (R+20) on the numerator indicates that the half-cone angle is extended beyond the
Earth’s surface to include the atmosphere below 20 km.

Equations (1) and (9) are given in terms of brightness temperatures, but both are still valid if all
temperatures are replaced by their corresponding radiance. The conversion between radiance and
temperature are via the Planck function. Since the Rayleigh-Jeans approximation breaks down at the
cold space temperature (~2.73K), we did all calculations in radiance, which were then converted into
temperatures as the final products.

Equation (9) gives a good representation for simulating the antenna temperature if the brightness
temperatures Tg(0), T, and T,,, are known. The last two quantities are approximately constant over
the range of individual integrations, but Tg(6) may vary considerably over its integration limits.
However, the AMSU-A antenna patterns are all sharply peaked and decrease rapidly as the scan angle
moves away from the boresight direction. Thus, T(6) can be approximated by aconstant T g» Which
represents a mean atmospheric brightness temperature for each channel in the neighborhood of
boresight direction B when it is on the Earth views. On the other hand, if the boresight direction is
on a space view when the T, is calculated, the Earth contribution comes mainly from the limb, which,

8



in our case, is the atmosphere at 20 km above the Earth’s surface, where brightness temperature is
approximately 210K. Therefore, Tg = 210K should be used when T, is calculated at the four space

views.

The above discussion assumes all radiation sources being far away from the antenna system (i.e.,in
the “far field””). However, the satellite platform, which is in the “near-field” of the antenna, alters its
far-field radiation pattern. Ideally, one should use the far-field patterns measured with a mock-up of
the satellite platform attached to the antenna. However, such a measurement would be costly and
may be impossible. Computer simulation is an alternative approach, which was performed at one of
the cold space calibration positions by the instrument manufacturer. Its result showed that the near-
field effect of the satellite platform reduces the contribution [8]-[11] from the last integration in
Equation (9). To match this computer simulated result of near-field effect, a scale factor 7 is
introduced into the last term in Equation (9). The m values for individual channels will given in
Section 4.3. Then it is reasonable to approximate the integrations in Equation (9) as a combination
of three parts each of which represents a weighted mean brightness temperature within its integration
region,
T,(8) = Ni[f,(ﬂ) T+ £ Te+ o) T | (12)
1
where N, is a renormalization factor, which is necessary because of the inclusion of the scale factor

1, and it is defined as

N, =1,8)+£,8) s, ®) 13)

The corresponding antenna efficiencies, f,(f), where x =e, ¢, or sat, in Equation (12), are defined by,

£.(8) = [ &(@)sinddo a4)

X

where the integration limit 6, (with x = ¢, c, or sat) corresponds to the one for Earth, cold space, or
satellite platform, respectively, as given in Equation (9). The antenna efficiencies f.(B) were
computed at the 30 Earth views and 4 cold calibration positions for all channels, of which antenna

-
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pattern data are available. Then, we can compute corrections for both the Earth views and cold space
views. It should be noted that normalization requires f.(B) + f,(B) + f..(B) = 1 for a fixed B value.

In Equation (12), the T, (=2.73K) is the cold space temperature. The T,, represents the total
energy emanation associated with the satellite platform and it may consist of satellite-platform
radiation as well as reflection of radiations from the Earth and cold space. It has been shown
elsewhere [3] that the maximum contribution from the last term in Equation (12) is of the order of
0.01K, which is less than the NEAT. In practice, this term can be ignored in comparison with the
NEAT uncertainties. The calculated result presented below is considered accurate, but it is subject
to possible errors in the above assumptions. Data users, who want more accurate results, should
perform their own calculations, using the T ¢ and Ts‘” values, which may be more appropriate to
the actual environmental conditions at the data collection time and location.

Main beam efficiency is another important characteristics of the antenna pattern function. It is
defined as the ratio of the power received within the main beamwidth to the total power from all
angles collected by the antenna system, including both co- and cross-polarized power. Here, the main
beamwidth is defined as 2.5 times the measured 3-dB beamwidth of an antenna pattern. Practically,
the main beam efficiency can be calculated from Equation (14) by replacing the integration limit with
a half-cone angle equal to 1.25 times the 3-dB beamwidth. This is defined as

JrnainB) =% fo Onain g(6)sin® 40 (15)

where 0_, equals 1.25 times the 3-dB beamwidth for individual channels, as given in Table 1.
3. Description of Antenna Pattern Data

The NOAA-L AMSU-A instrument consists of the A2 Flight Model 1 (FM1) and A1 Proto-Flight
Model (PFM) whereas NOAA-M has AMSU-A1 FM2 and A2 FM2. Antenna pattern data for both
models were measured by Aerojet, the instrument’s manufacturer. Detailed descriptien of the data
measurement process was given elsewhere [12]. Only a brief description of the measurements is

presented here.
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The antenna pattern data were measured at each channel frequency, except channels 9 through 14
which share the same central frequency (57.29 GHz). Therefore, the antenna pattern data used in this
study consist of ten channels with different central frequencies. The measurements were performed
at the Intermediate Frequency (IF) outputs of the mixer/amplifiers. A spectrum analyzer was used
to accommodate testing at the IF outputs of the instrument. To achieve the required 55 dB dynamic
range for these measurements, the patterns were measured in two parts: (1) in the main beam region,
a 20 dB of attenuation was inserted in the range transmitter and (2) in the sidelobe region, the
attenuation was removed. The measurement process starts with the operator positioning the antenna
at the peak of the beam with 20 dB of attenuation inserted before the transmit horn of the
measurement system, at which point he begins the test on the antenna range controller that measures
the power received at this point and sets this power level to the top of the scale on the spectrum
analyzer. The controller then moves the antenna positioner and measures the antenna pattern for an
angular span of 10 degrees centered on the peak of the beam with an increment size of 0.2°. The
angular span of 10° was selected because it covers the 20-30 dB range of the central antenna pattern.
The data were digitally recorded and read from the spectrum analyzer. At the second step of the
measurement, the 20-dB attenuator is removed and the antenna patterns over the other angular spans
are measured. The controller measures the power level received from the spectrum analyzer at each
measurement and subtracts 20 dB from this reading and stores the results. At each of these ten

channel frequencies, the measured data consist of elements as follows,

@® Four planes: At each frequency, antenna pattern data were measured at 4 plane "cuts”. Each cut
corresponds to two azimuthal angles, i.e., ¥ = 0 and 180, 45 and 225, 90 and 270, and 135 and 315
degrees, respectively. These plane-cuts will be referred to as the 0°, 45° 90°, and 135° cuts,
respectively

@® Angular range and scan interval: The scanning angle (i.e. &) extends from 0° to +180° from the
antenna boresight with 0.2° steps

@ Fine-step data: For accurate determination of the antenna beam widths, the central parts of the
antenna pattern (0° to £4.5°) were measured at steps of 0.05°. These fine-step data were measured
at two plane cuts, crosstrack (y=0°) and downtrack (y=90°) cuts.

® Three beam positions: Data were taken at three Earth viewing beam positions, 1, 15, and 30.

® Two polarizations: Each set of these antenna patterns was measured with two different

polarizations (co- and cross-polarizations).

11



Figure 2 shows a sample of the antenna pattern data, which were measured at the frequency of 50.3
GHz (Channel 3) at beam position 30 for all four cuts. The 0°-cut corresponds to the cross-track scan
plane while the 90°-cut is in the down-track plane. Ateach cut, the central peak of the co-polarization
power was normalized to 0 dB, with respect to which all other data points were scaled. The co-
polarization data are shown in the column on left-hand side while the cross polarizations are displayed
on right-hand side. Results in Figures 2 show that the cross-polarization spectra are approximately
20 dB smaller than the corresponding ones in co-polarization in the main lobe. However, the cross-
and co-polarized power signals in the side lobes at large scan angles have about the same magnitudes.

4. Results

The formulas developed in Section 2 were used to generate the results described in this section. The
antenna pattern data described above were also used to calculate the 3-dB beamwidth, and the main
beam efficiencies. Calculations of antenna efficiencies over three different solid-angle regions
subtended at the satellite by the Earth (plus the atmosphere below 20 km), cold space, and the satellite
platform are performed at 30 Earth views and 4 cold space views. These calculated antenna
efficiencies were then used to simulate the AMSU-A antenna temperatures.

4.1 Beamwidth

The 3-dB beamwidth is defined as the full angular width between two angles where the magnitude
of antenna pattern drops to one half of its peak value at boresight. The fine-step antenna data were
used in determination of individual channel 3-dB beamwidth. Linear interpolation of the fine-step
data was used to determine the exact half-power locations. Table 1 lists these measured 3-dB
beamwidth at beam position 15 for all channels, except channels 10-14, which share the same central
frequency as channel 9. No measurement of antenna pattern was made for these channels. The

channel central frequencies are also listed in Table 1.

AMSU-A specification requires 3.3°+10% for the 3-dB beamwidth. Table 1 shows that the

beamwidths at all channels are within specification.

12
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Figure 2. Sample of antenna pattern data from AMSU-A1 PFM Channel 3 (50.3 GHz) . The left-
hand column shows the co-polarized data whereas the cross-polarized data are displayed in the
right-hand column.



4.2 Main Beam Efficiencies

The main beam efficiency is defined in Equation (15) with 6., equal to 1.25 times the 3-dB
beamwidth at each channel. With the 3-dB beamwidth in Table 1, the main beam efficiencies for the

channels were calculated.

AMSU-A specification requires that the main beam efficiencies should be >95% for all channels. The
results in Table 1 meet the specification.

4.3 Antenna Efficiencies over Earth, Cold Space, and Satellite Platform

The antenna efficiencies integrated over the Earth (plus 20-km atmosphere), cold space, and satellite
platform were calculated from Equation (14). Results of the three antenna efficiencies, £.(B),f.(B), and
f_(B) for NOAA-L AMSU-A are listed in Table 2 for 30 Earth viewing positions and 4 cold sky
calibration positions. Similar results for NOAA-M AMSU-A are presented in Appendix A.

The f,,, values (Table 2) at the cold calibration positions are in the order of 1% without including the
near-field effect of the satellite platform. During the calibration process, Aerojet performed a
computer simulation of this near-field effect on the antenna efficiency and calculated one set of the
f,, values at the cold calibration position CC1 for individual channels [[8]-[11]. These calculated
results for NOAA-L AMSU-A are listed in Table 3 in the second column which is labeled as .

For comparison, the corresponding f,, values at CC1 from Table 2 are listed in the third column in
Table 3. One can see that the near field effect reduces the contribution from the satellite platform. To
reduce the f,,, values to the same magnitude as those of the computer simulated results, we define the

scale factor 7}, which appears in Equation (12) as

- fAsat

S

n (16)

The 7 values for all channels are list in the last column in Table 3. These n values will be included
in computing the antenna temperatures from Equation (12).
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Table 2. NOAA-L AMSU-A antenna efficiencies over the Earth, space craft, and cold space.

Note that cc represents the cold calibration position.

Scan | Ch.1 Ch.2 Ch.3 Ch.4 Ch.5
Beam Angle | Fearth Fsat Fspace [ Fearth Fsat Fspace [Fearth Fsat Fspace | Fearth Fsat Fspace [ Fearth Fsat Fspace
Pos. (deg.) %) %, %, %, %) %, %) %, %) % % 94 %)
1 48.33 | 98.78 0.3t 0.91 99.38 0.13 049 |[98.88 0.29 0.83 99.22  0.13 0.65 99.05 0.19 0.76
2 45.00 | 98.87 0.27 0.86 99.43 0.1 046 |98.98 0.27 0.75 99.31 0.12 057 | 99.13 0.16 0.71
3 41,67 | 98.96 0.23 0.81 99.48 0.10 042 |99.05 0.24 0.71 99.37 0.12 052 | 99.20 0.14 0.66
4 38.33 | 99.07 0.21 0.73 99.52  0.09 039 |99.14 0.23 0.63 99.44 0.1 045 | 9928 0.13 0.59
5 35.00 | 99.15 0.18 0.67 99.55  0.08 038 |99.28 0.21 0.52 99.52  0.10 0.38 99.38 0.12 0.50
6 31.67 | 99.22 0.16 0.62 99.57 0.07 0.36 | 9943 0.20 0.36 99.61 0.10 029 | 99.50 0.11 0.39
7 28.33 | 99.26 0.15 0.59 99.60 0.07 0.33 | 9949 0.18 0.33 99.68  0.09 0.23 99.56 0.1t 0.34
8 25.00 | 99.31 0.13 0.56 99.61 0.06 0.32 |99.50 0.15 0.35 99.70  0.09 0.21 99.58 0.11 0.31
9 21,67 | 99.38 0.12 0.50 99.65 0.06 029 |99.53 0.14 0.33 93.72 0.09 0.19 99.59 0.10 0.30
10 18.33 | 99.42 0.11 0.47 99.67 0.06 027 |99.54 0.14 0.32 99.72  0.09 0.19 99.61 0.10 0.29
11 15.00 | 99.47 0.11 0.42 99.68 0.06 026 |[99.56 0.13 0.31 99.71 0.09 0.19 99.63 0.09 0.28
12 11.67 | 99.49 0.1 0.40 99.68 0.06 027 |99.57 0.13 0.30 99.71 0.10 0.19 | 99.64 0.09 0.27
13 8.33 99.51 0.11 0.38 99.68 0.06 026 |99.56 0.13 0.31 99.71 0.10 0.19 | 99.64 0.09 0.27
14 5.00 99.52 0.11 0.37 99.68 0.06 026 |99.57 0.13 0.30 99.71 0.10 0.19 99.63 0.09 0.27
15 1.67 99,52 0.11 0.37 99.66 0.07 027 |99.57 0.3 0.30 99.71 0.10 0.19 99.63 0.10 0.28
16 -1.67 99.53 0.11 0.36 99.66 0.07 028 |99.58 0.14 0.28 99.69 0.11 0.21 99.63 0.10 0.28
17 -5.00 99.54 0.11 0.36 99.66 0.07 027 |99.59 0.14 0.27 99.64 0.1 0.25 99.62 0.10 0.28
18 -8.33 99.54 0.11 0.35 99.65 0.07 028 |99.58 0.14 0.27 99.62 0.11 0.28 99.61 0.10 0.29
19 -11.67 | 99.52 0.1 0.37 99.65 0.07 028 |[9959 0.14 0.27 99.60 0.11 029 | 99.61 0.10 0.29
20 -15.00 | 99.50 0.1 0.38 99.63 0.08 029 |99.59 0.15 0.27 99.59 0.12 0.29 99.60 0.11 0.29
21 -18.33 | 99.45 0.12 0.42 99.61 0.09 0.30 | 9957 0.16 0.28 99.57 0.3 0.30 | 99.58 0.12 0.31
22 -21.67 | 99.41 0.13 0.46 99.59  0.09 031 |99.52 017 0.30 99.54 0.14 0.32 99.56 0.13 0.32
23 -25.00 | 99.35 0.14 0.51 99.57 0.10 0.33 |99.50 0.18 0.32 99.52 0.15 0.33 99.54 0.14 0.32
24 -28.33 | 99.26 0.15 0.59 99.53 0.1t 0.36 |99.47 0.19 0.34 99.50 0.16 0.35 99.52 0.15 0.33
25 -31.67 | 99.17 0.16 0.67 99.49 0.12 040 |99.37 022 0.41 9945 0.18 0.37 99.47 0.16 0.37
26 -35.00 | 99.09 0.17 0.74 9943 0.13 044 |99.19 0.23 0.58 99.35 0.21 0.44 99.34 0.18 0.48
27 -38.33 | 98.99 0.19 0.82 99.39 0.14 0.47 | 99.05 0.24 0.71 9923 023 0.54 99.21 0.19 0.60
28 -4167 | 98.91 0.21 0.88 99.34  0.16 051 | 9892 0.26 0.82 89.15 025 0.60 99.10 0.20 0.70
29 -45.00 | 98.80 0.25 0.95 99.28 0.18 053 | 9882 0.27 0.91 99.07 027 0.65 99.00 0.22 0.78
30 -48.33 | 98.68 0.29 1.03 99.23  0.21 0.57 {98.71 031 0.98 99.00 0.30 0.71 98.90 0.24 0.86
CC4 -76.67 0.90 1.07 98.02 [ 0.40 063 9897 [ 090 1.10 98.00 0.55 083  98.62 067 0.88 98.45
CcC3 -80.00 0.80 1.19 98.00 | 0.34 070 9896 | 0.82 1.21 97.97 0.49 0.91 98.60 060 1.01 98.39
cc2 -81.67 0.75 1.26 98.00 | 0.31 074 9895 | 077 127 97.96 0.46 095  98.59 057 1.08 98.35
CC1 -83.33 0.69 1.34 97.97 | 0.29 078 9893 | 073 1.33 97.95 0.43 1.00 98.57 053 116  98.30
Scan Ch.6 Ch.7 Ch.8 Ch.9 Ch. 15
Beam Angle [ Fearth Fsat Fspace | Fearth Fsat Fspace [Fearth Fsat Fspace | Fearth Fsat Fspace | Fearth Fsat Fspace
Pos. (deg.) %) %) %) %) %) %, %) (%, %,
1 48.33 | 99.22 0.17 0.61 99.14  0.20 0.66 |99.09 0.18 0.73 99.03 032 065 | 99.53 0.22 0.25
2 45,00 | 99.30 0.16 0.54 99.21 0.18 061 |99.17 0.16 0.67 99.09 0.31 0.60 99.54 0.22 0.23
3 41.67 | 99.38 0.15 0.47 99.27 047 056 |99.26 0.14 0.60 99.16 029 055 | 99.56 0.22 0.22
4 38.33 | 99.45 0.13 0.42 99.34 0.16 0.50 |99.34 0.13 0.53 99.22 0.28 0.50 99.57 0.22 0.20
5 35.00 | 99.54 0.12 0.35 99.42 0.14 044 | 99.47 0.13 0.41 9929 0.28 0.43 99.59 0.22 0.19
6 31,67 | 99.61 0.11 0.29 99.49 0.3 037 |99.56 0.12 0.32 99.37 027 0.37 99.61 0.23 0.16
7 28.33 | 99.64 0.10 0.26 99.53 0.13 0.34 | 9959 0.12 0.29 99.39 025 0.36 99.62 0.23 0.15
8 25,00 | 99.65 0.09 0.26 99.56  0.11 032 | 9961 0.1t 0.28 99.41 0.24 0.35 99.62 0.23 0.15
9 21.67 | 99.66 0.09 0.25 99.59 0.1 0.30 | 99.63 0.1 0.26 99.41 0.24 0.35 99.62 0.23 0.15
10 18.33 | 99.67 0.09 0.24 99.61 0.10 028 | 9965 0.11 0.24 99.41 0.24 0.35 99.62 0.23 0.15
i 15.00 | 99.68 0.09 0.23 99.63 0.10 027 |99.67 0.11 0.22 9943 024 0.33 99.62 024 0.15
12 11.67 | 99.69 0.09 0.22 99.64 0.10 025 |99.68 0.11 0.21 99.43 024 033 | 9961 024 0.15
13 8.33 99.70 0.09 0.21 99.65 0.1 025 |99.68 0.11 0.21 99.42 0.24 0.33 99.61 0.24 0.15
14 5.00 99.69 0.10 0.21 99.65 0.1 024 | 99.67 O.11 0.21 99.42 025 0.23 99.60 0.25 0.15
15 1.67 99.68 0.10 0.22 99.63 0.12 025 |99.67 0.12 0.21 9943 026 0.32 99.59 0.26 0.158
16 -1.67 99.68 0.10 0.22 99.63 0.12 025 |99.67 0.12 0.21 99.43 026 0.31 99.59 0.26 0.15
17 -5.00 99.69 0.10 0.21 99.62 0.12 026 |99.67 0.12 0.21 9942 0.26 0.32 99.59 0.26 0.15
18 -8.33 99.68 0.11 0.22 99.62 0.12 026 |99.67 0.12 0.20 99.42 0.26 0.32 99.59 0.26 0.15
19 -11.67 | 99.66 0.11 0.23 99.62 0.13 025 |99.66 0.13 0.21 99.42 027 0.32 99.59 0.26 0.15
20 -15.00 | 99.65 0.11 0.25 99.61 0.13 026 |99.66 0.13 0.21 99.41 0.27 0.32 99.59 026 0.15
21 -18.33 | 99.62 0.11 0.26 99.59 0.14 027 |99.65 0.14 0.22 99.38 0.29 0.33 99.59 0.26 0.16
22 -21.67 | 99.60 0.12 0.28 99.58 0.14 0.28 |99.62 0.5 0.23 99.36  0.30 0.34 99.58 0.26 0.16
23 -25.00 | 99.58 0.14 0.28 99.55 0.5 0.30 |99.6t 0.15 0.24 99.34 031 0.35 99.57 0.26 0.16
24 -28.33 | 99.56 0.16 0.29 99.52 0.17 0.31 | 99.58 0.16 0.26 99.30 0.32 0.38 99.57 0.26 0.17
25 -31.67 | 99.53 017 0.31 99.47 0.19 0.34 |99.55 0.16 0.28 99.24 0.34 0.42 99.56 0.26 0.18
26 -35.00 | 99.45 0.18 0.37 99.41 020 0.39 | 9947 0.7 0.36 99.15 035 0.50 99.54 0.27 0.19
27 -38.33 | 99.35 0.19 0.46 99.34¢ 0.22 044 | 9936 0.18 0.46 99.06 0.36 0.58 99.52 0.27 0.22
28 -41.67 | 99.27 0.21 0.52 99.30 0.28 047 | 99.27 0.19 0.55 98.97 037 0.66 99.50 0.27 0.23
29 -45.00 | 99.20 0.23 0.57 99.24 0.25 051 |99.17 0.19 0.64 98.89 0.39 0.72 99.48 0.27 0.25
30 -48.33 | 99.11 0.25 0.65 99.17  0.26 0.56 |99.08 0.21 0.71 98.80  0.40 080 | 99.44 0.27 0.28
CC4 -76.67 0.54 0.72 98.74 | 0.63 066 9871 ] 065 072 98.63 0.63 094  98.42 026 041 99.33
CC3 -80.00 0.45 0.84 98.71 0.56 074 9870 { 0.56 0.86 98.58 0.56 106 9838 024 046 99.30
CC2 -81.67 0.41 0.92 98.66 | 0.53 079 9868 { 0.52 093 9854 0.53 112 9835 023 048 9929
CC1 -83.33 0.38 1.01 98.61 0.48 085 9867 | 048 1.03 9849 0.50 1.19  98.31 022 050 99.28
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Table 3. NOAA-L AMSU-A: The n factor in Equation (12).

Channel | fisu (%) S (%) 10 = fasa fa

1 0.02 1.34 0.02

2 0.06 0.78 0.08

3 0.04 1.33 0.03

4 0.04 1.00 0.04

5 0.05 116 0.04

6 0.03 1.01 0.03

7 0.04 0.85 0.05

8 0.06 1.03 0.06
9-14 0.03 L19 0.03
15 0.05 0.50 0.10

4.4 Antenna Pattern Corrections

The calculated antenna efficiencies in Table 2 make it easy to perform any antenna pattern sidelobe
correction. It has been shown that differences do occur between the true brightness temperatures and
antenna temperatures observed by space-borne radiometers [3]-[7]. There are two main corrections
which can be made with the efficiencies in Table 2. The first one is that the measurements at Earth
views are contaminated by radiation which originates from the cold space and satellite platform.
Similarly, measurements at the cold space views are contaminated by radiation from the Earth limbs and
satellite platform. Table 2 shows that the antenna efficiencies over cold space are in the order of 1%
at the edge of Earth views. In viewing the Earth scenes, this will reduce the observed antenna
temperature by about the same percentages below the true brightness temperatures since the microwave
cosmic background temperature TC = 2.73K is much smaller than the Earth’s brightness temperature
TE. In viewing cold space, the contamination introduced by the Earth limb can be 0.2% to 0.9% as
shownin Table 2. This will produce an effective cold space calibration temperature higher than the
nominal value of T =2.73K.
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As discussed in Section 2, the quantity Tsw which represents the total energy emanation associated
with the satellite platform, may consist of satellite-platform radiation as well as reflected radiation
from the Earth and cold space. The near-field radiation falls onto the antenna reflectors from all
directions but only those parallel to the reflector axis are reflected to the feed horn at the focal point
and detected. In practice, it is difficult (if it is not impossible) to select a single TSa, value for
representing these radiation sources. However, it has been shown elsewhere [3] that the maximum
contribution due to this Ts . 10 Equation (12) is only of the order of 0.01K. Therefore, the
contribution from the last term in Equation (12) is negligibly small, particularly, in comparison to other
uncertainties as discussed in [3]. Nevertheless, we retain this term with the knowledge that its effect

on the final results is negligible.

To demonstrate the effect of the antenna pattern side lobes on the antenna temperatures, we apply
Equation (12) to calculate a set of antenna temperatures, T, at the Earth scenes, using the calculated
antenna efficiencies (Table 2), m values (Table 3), and a set of atmospheric brightness temperature
profiles which correspond to an approximate estimate of AMSU-A measurements. Then, the antenna
pattern corrections (of the Earth views), which are defined as AT = T - T,, are calculated. These
calculated AT results are shown in Figure 3, which shows that Channel 1 has the largest AT and that
the smallest AT occurs at Channel 15. Similarly, the antenna pattern corrections at the space views,
AT. =T, - 2.73K, were also calculated and the results are shown in Table 4, which shows the cold
calibration position 1 (CC1) has the least contamination.

The TE values used in this simulation are 230K for Channels 1-4 and 15, 240K for Channel 5, and
210K for Channels 6-9, respectively. For the four cold space calibration positions, —T; =210K were
used to calculate the antenna temperatures (see discussion in Section 2). The AT values in Figure 3
correspond to fixed biases in the antenna system and should be added to the antenna temperatures to
obtain the true brightness temperatures. Similarly, the AT values in Table 4 should be combined with
Tc (=2.73K) to obtain a set of “effective” cold space calibration temperatures, which are required in
the NESDIS operational Calibration Parameters Input Data Set (CPIDS) for generating the calibration
coefficients. After launch, the in-orbit data will be analyzed to verify these predicted values.
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Figure 3. Sample of calculated NOAA-L antenna pattern corrections AT = T}, - T, for

one scan line.
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Table 4. NOAA-L: Cold space bias correction, AT(K), to the cosmic
background temperature (T, = 2.73 + ATc ). These values
were calculated using AMSU-A1 PFM and A2 FM1 antenna pattern data

Position Angle Ch.l 2 3 4 5 6 7 8 9-14 15
CC4 -76.67 197 1.00 2.10 131 1.61 126 147 156 1.48 0.80
CC3 -80.00 1.77 0.89 192 1.18 148 1.07 132 140 134 0.77
CC2 -81.67 1.65 084 1.84 1.13 142 1.00 1.25 133 1.28 0.75
CCl -83.33 1.55 0.80 1.75 1.06 135 094 1.17 126 122 0.74

5. Conclusion

This study provides detailed information about the measured antenna pattern data from the NOAA-L
and -M AMSU-A instruments and presents a procedure for performing antenna pattern sidelobe
corrections to antenna temperatures. The 3-dB beamwidths and main beam efficiencies were also
calculated from the antenna pattern data for comparison with the AMSU-A specifications of 95% (or
better) for the main beam efficiencies and 3.3°+£10% for the 3-dB beamwidths.

Predictions of antenna pattern sidelobe corrections were made over three solid-angle regions subtended
at the satellite by the Earth (plus 20-km atmosphere), cold space, and the satellite platform. Antenna
efficiencies over these three solid-angle regions were calculated at 30 Earth views and 4 possible cold
space calibration views (one of which will be selected after launch) of the AMSU-A scan operation.
These calculated antenna efficiencies make it possible to perform antenna pattern sidelobe corrections.
A simulation using these antenna efficiencies and a profile of atmospheric brightness temperatures
shows that the resultant antenna sidelobe corrections can be more than 2K (Figure 3) for some channel
fields of view on the edges of scan swatch where more cold space radiance is sensed via the antenna

side lobes.

Contribution from the satellite platform (the last term in Equation 12) is negligibly small with a
magnitude less than 0.01K, which is much less than other measurement uncertainties [3].

Computations of the antenna pattern corrections at the four possible cold space calibration positions
reveal that the space view CC1 for all channels has the least contamination from the Earth and satellite
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platform. One should note that an optimal choice of the cold space views will be made after each
launch of AMSU-A and that these antenna pattern corrections will be compared to those obtained

using the in-orbit data during the instrument’s activation and evaluation period.

The antenna efficiencies presented in this study make it easy to design an algorithm for performing
antenna pattern corrections to the antenna temperatures from the AMSU-A data. These antenna
efficiencies will be made available to AMSU-A data users who want to make appropriate corrections

for improving the accuracy of the data.
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APPENDIX A
NOAA-M AMSU-A ANTENNA PATTERN CORRECTIONS

The NOAA-M AMSU-A antenna pattern corrections calculated from the measured antenna pattern
data are presented here in a similar fashion as those for NOAA-L AMSU-A results given in the main
text. Tables and plots of results follow the same order as the NOAA-L cases as closely as possible.

Table A-1 lists the NOAA-M AMSU-A1 and AMSU-A2 FM2 channel characteristics. The calculated
NOAA-M AMSU-A antenna efficiencies are given in Table A-2. The 1 factors for NOAA-M AMSU-
A and the cold space bias corrections are presented in Tables A-3 and A-4, respectively.

Figure A-1 shows a sample of antenna pattern data from AMSU-A1 FM2 Channel 3 (50.3 GHz). A
sample of calculated NOAA-M antenna pattern corrections for one scan line is shown in Figure A-2.
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Table A-2. NOAA-M AMSU-A antenna efficiencies over Earth, spacecraft, and cold space.

Scan Ch.1 Ch.2 Ch.3 Ch.4 Ch.5
Beam | Angle | Fearth Fsat Fspace| Fearth Fsat FspacelFearth Fsat Fspace | Fearth Fsat Fspace|Fearth Fsat Fspace
Pos. | (deg) | (%) (%) (%) (%) (%) (%) %, %] %, %, %, %,
1 48.33 98.78 0.31 0.91 99.38 0.13 0.49 |98.88 0.29 0.83 99.22 0.13 0.65 99.05 0.19 0.76
2 45.00 98.87 0.27 0.86 99.43 0.1 0.46 |98.98 0.27 0.75 99.31 0.12 0.57 99.13 0.16 0.71
3 4167 | 9896 0.23 0.81 9948 0.10 042 |99.05 024 071 99.37 0.12 0.52 | 99.20 0.14 0.66
4 38.33 99.07 0.21 0.73 99.52 0.09 0.39 [99.14 0.23 0.63 99.44 0.1 0.45 99.28 0.13 0.59
5 35.00 99.15 0.18 0.67 99.55 0.08 0.38 |99.28 0.21 0.52 99.52 0.10 0.38 99.38 0.12 0.50
6 31.67 | 99.22 0.16 062 | 9957 007 036 |9943 0.20 036 99.61 0.10 0.29 | 99.50 0.11 0.39
7 28.33 99.26 0.15 0.59 99.60 0.07 0.33 | 9949 0.18 0.33 99.68 0.09 0.23 99.56 0.11 0.34
8 25.00 99.31 0.13 0.56 99.61 0.06 032 | 99.50 0.15 0.35 99.70 0.09 0.21 99.58 0.11 0.31
9 21.67 99.38 0.12 0.50 99.65 0.06 029 |99.53 0.14 0.33 99.72 0.09 0.19 99.59 0.10 0.30
10 18.33 99.42 0.1 0.47 99.67 0.06 0.27 | 99.54 0.14 0.32 99.72 0.09 0.19 9961 0.10 0.29
1" 15.00 | 99.47 0.11 042 | 9968 0.06 026 |99.56 0.13 0.31 99.71  0.09 0.19 | 99.63 0.09 0.28
12 11.67 99.49 0.11 0.40 99.68 0.06 0.27 | 99.57 0.13 0.30 99.71 0.10 0.19 99.64 0.09 0.27
13 8.33 99.51 0.11 0.38 99.68 0.06 026 |99.56 0.13 0.31 99.71 0.10 0.19 99.64 0.09 0.27
14 5.00 99,52 0.1 0.37 99.68 0.06 026 |99.57 0.13 0.30 99.71 0.10 0.19 99.63 0.09 0.27
15 1.67 99.52 0.1 037 | 99.66 0.07 0.27 |99.57 0.13 0.30 99.71 0.10 0.19 | 99.63 0.10 0.28
16 -1.67 99.53 0.11 036 | 9966 007 028 }|99.58 0.14 0.28 99.69 0.1 0.21 99.63 0.10 0.28
17 -5.00 99.54 0.11 0.36 99.66 0.07 0.27 | 99.59 0.14 0.27 99.64 0.11 0.25 99.62 0.10 0.28
18 -8.33 99.54 0.11 0.35 99.65 0.07 028 |99.59 0.14 0.27 99.62 0.1 0.28 99.61 0.10 0.29
19 -11.67 | 99.52 0.1 0.37 99.65 0.07 0.28 | 99.59 0.14 0.27 99.60 0.11 0.29 99.61 0.10 0.29
20 -156.00 | 99.50 0.11 038 | 9963 008 029 [99.59 0.15 027 | 99.59 0.12 029 | 99.60 0.11 0.29
21 -18.33 | 99.45 0.12 042 | 996t 009 030 {9957 0.16 028 99.57 0.13 0.30 | 99.58 0.12 0.31
22 -21.67 | 99.41 0.13 0.46 99.59 0.09 0.31 |99.52 0.17 0.30 99.54 0.14 0.32 99.56 0.13 0.32
23 -25.00 | 99.35 0.14 0.51 99.57 0.0 033 | 9950 0.18 0.32 99.52 0.15 033 | 99.54 0.14 0.32
24 -28.33 | 99.26 0.15 0.59 99.53 0.11 0.36 | 99.47 0.19 0.34 99.50 0.16 0.35 99.52 0.15 0.33
25 -31.67 | 99.17 0.16 0.67 9949 0.12 0.40 ]99.37 022 0.41 99.45 0.18 0.37 9947 0.16 0.37
26 -35.00 | 99.09 0.17 074 | 9943 0.13 044 |99.19 0.23 058 99.35 0.21 044 | 99.34 0.18 0.48
27 -38.33 | 98.99 0.19 0.82 99.39 0.14 0.47 | 99.05 0.24 0.71 99.23 0.23 054 | 99.21 0.19 0.60
28 -41.67 | 98.91 0.21 0.88 99.34 0.16 051 [98.92 0.26 0.82 99.15 0.25 0.60 99.10 0.20 0.70
29 -45.00 | 98.80 0.25 0.95 99.28 0.18 053 |98.82 0.27 0.91 99.07 0.27 0.65 99.00 0.22 0.78
30 -48.33 | 98.68 0.29 1.03 99.23 0.21 0.57 {98.71 0.31 0.98 99.00 0.30 0.71 98.90 0.24 0.86
CC4 | -76.67 0.90 1.07 98.02 | 0.40 063 9897 | 090 1.10 98.00 | 0.55 083 9862 { 067 0.88 98.45
CC3 | -80.00 0.80 1.19 98.00 | 0.34 070 9896 | 0.82 1.21 9797 | 049 091 9860 | 0.60 1.01 98.39
CcC2 | -81.67 0.75 1.26 98.00 | 0.31 074 9895 | 077 127 9796 | 0.46 095 9859 | 057 1.08 98.35
CC1 -83.33 0.69 134 9797 | 0.29 078 98931 073 1.33 9795 | 043 1.00 9857 | 053 1.16 98.30
Scan Ch. 6 Ch.7 Ch. 8 Ch.9 Ch. 15
Beam | Angle | Fearth Fsat Fspace| Fearth Fsat Fspace|Fearth Fsat Fspace | Fearth Fsat Fspace|Fearth Fsat Fspace
Pos. | (deg.) | (%) (%) (%) (%) (%) | (%] %) (%, (% %) (% %) %]
1 48,33 | 99.22 0.17 0.61 99.14 020 066 [99.03 0.18 073 | 99.03 0.32 065 | 9953 0.22 0.25
2 45.00 99.30 0.16 0.54 99.21 0.18 0.61 |99.17 0.16 0.67 99.09 0.31 0.60 99.54 0.22 0.23
3 41.67 | 99.38 0.15 047 | 99.27 047 056 [99.26 0.14 0.60 99.16 0.29 055 | 99.56 0.22 0.22
4 38.33 99.45 0.13 0.42 9934 0.16 050 199.34 0.13 0.53 99.22 0.28 0.50 9957 0.22 0.20
5 35.00 | 99.54 0.12 035 | 9942 0.14 044 [99.47 0.13 041 99.29 0.28 043 | 99.59 0.22 0.19
6 31.67 99.61 0.11 0.29 9949 0.13 0.37 | 99.56 0.12 0.32 99.37 0.27 0.37 9961 0.23 0.16
7 28.33 99.64 0.10 0.26 9953 0.13 034 [99.59 0.12 0.29 99.39 0.25 0.36 99.62 0.23 0.15
8 25.00 | 99.65 0.09 026 | 99.56 0.11 0.32 | 99.61 0.11 0.28 9941 024 035 | 99.62 0.23 0.15
9 21.67 | 99.66 0.09 025 | 99.59 0.11 0.30 |99.63 0.11 0.26 99.41 0.24 035 | 99.62 0.23 0.15
10 18.33 | 99.67 0.09 024 | 9961 010 0.28 |99.65 0.11 024 | 99.41 0.24 035 | 99.62 0.23 0.15
11 15.00 | 99.68 0.09 023 | 9963 0.10 0.27 |99.67 0.11 022 | 9943 024 0.33 | 99.62 0.24 0.15
12 11.67 | 99.69 0.09 022 | 9964 010 0.25 }99.68 0.11 0.21 99.43 0.24 0.33 | 99.61 0.24 0.15
13 8.33 99.70 0.09 0.21 99.65 0.11 025 [99.68 0.11 0.21 99.42 0.24 033 | 99.61 024 0.15
14 5.00 99.69 0.10 0.21 99.65 0.11 0.24 |99.67 0.11 0.21 9942 0.25 0.33 | 99.60 0.25 0.15
15 1.67 99.68 0.10 022 | 9963 0.12 025 [9967 0.12 0.21 99.43 0.26 0.32 | 99.59 0.26 0.15
16 -1.67 89.68 0.10 022 | 9963 0.12 025 |99.67 0.12 0.21 99.43 0.26 0.31 99.59 0.26 0.15
17 -5.00 99.69 0.10 0.21 99.62 0.12 026 |99.67 0.12 0.21 99.42 0.26 032 | 99.59 0.26 0.15
18 -8.33 99.68 0.11 022 | 99.62 0.12 026 (99.67 0.12 020 | 9942 0.26 032 | 99.59 0.26 0.15
19 -11.67 | 99.66 0.11 023 | 9962 013 025 |9966 0.13 0.21 99.42 0.27 0.32 | 99.59 0.26 0.15
20 -15.00 | 99.65 0.11 025 | 9961 013 026 [9966 0.13 0.21 99.41 027 032 | 99.59 0.26 0.15
21 -18.33 | 99.62 0.1 026 | 9959 0.14 027 |[99.65 0.14 022 99.38 0.29 0.33 | 99.59 0.26 0.16
22 -21.67 | 99.60 0.12 028 | 9958 014 028 |9962 0.15 023 | 99.36 0.30 034 | 99.58 0.26 0.16
23 -25.00 | 99.58 0.14 028 | 99.55 0.15 0.30 | 99.61 0.15 024 | 99.34 0.31 035 | 99.57 0.26 0.16
24 -28.33 | 99.56 0.16 029 | 9952 017 031 |9958 0.16 0.26 99.30 0.32 0.38 | 99.57 0.26 0.17
25 -31.67 | 99.53 0.17 0.31 9947 019 034 | 9955 0.16 0.28 99.24 0.34 042 | 99.56 0.26 0.18
26 -35.00 | 99.45 0.18 037 | 9941 020 039 {9947 0.177 0.36 99.15 0.35 050 | 99.54 0.27 0.19
27 -38.33 | 99.35 0.18 046 | 99.3¢ 0.22 044 |99.36 0.18 046 99.06 0.36 0.58 | 99.52 0.27 0.22
28 -41.67 | 99.27 0.21 052 | 99.30 023 047 |99.27 0.19 0.55 98.97 0.37 0.66 | 99.50 0.27 0.23
29 -45.00 | 99.20 0.23 057 | 99.24 0.25 051 |99.17 0.19 0.64 98.89 0.39 072 | 9948 0.27 0.25
30 -48.33 | 99.11 0.25 0.65 | 99.177 0.26 0.56 | 99.08 0.21 0.71 98.80  0.40 0.80 | 99.44 0.27 0.28
CC4 -76.67 0.54 0.72 98.74 0.63 066 9871 | 0.65 0.72 98.63 0.63 0.94 98.42 0.26 0.41 99.33
CC3 | -80.00 045 0.84 98.71 | 0.56 074 9870 ] 0.56 0.86 98,58 | 0.56 106 98.38 1 024 046 99.30
CcC2 -81.67 0.41 0.92 98.66 0.53 079 98.68 | 052 093 98.54 0.53 1.12 98.35 0.23 0.48 99.29
CC1 -83.33 0.38 1.01 98.61 0.48 0.85 98.67 | 0.48 1.03 98.49 0.50 1.19 98.31 0.22 0.50 99,28
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Table A-3. NOAA-M AMSU-A: The n factor in Eq. (12).

Channel | f,, (%) £ (%) N = fp M
1 0.02 0.78 0.03
2 0.06 0.57 0.11
3 0.04 1.23 0.03
4 0.04 1.46 0.03
5 0.05 1.45 0.03
6 0.03 1.06 0.03
7 0.04 1.24 0.03
8 0.06 1.24 0.05
9-14 0.03 0.88 0.03
15 0.05 0.75 0.07

Table A-4. NOAA-M: Cold space bias correction, ATc(K), to the cosmic
background temperature (Tc= 2.73 + ATc ). These values

were calculated using AMSU-A1 FM2 and A2 FM2 antenna pattern data

Position Angle Ch.1 2
0.93 0.60 141 227
0.82 051 1.26 2.02
0.79 049 1.20 1.91
0.76 048 1.12 1.79

CC4
CC3
CC2
CC1

-76.67
-80.00
-81.67
-83.33

3

4

5 6 7
202 146 1.64
1.78 1.27 147
1.66 122 1.37
1.54 1.16 1.28

8 9-14
1.84 140
1.65 1.27
1.55 1.21
145 1.16

15

0.82
0.76
0.73
0.71
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Figure A-1. Sample of antenna pattern data from AMSU-A1 FM2 Channel 3 (50.3 GHz). The

left-hand column shows the co-polarized data whereas the cross-polarized data are displayed in
the right-hand column.
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NOAA-M AMSU-A Antenna Pattern Corrections
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Figure A-2. Sample of calculated NOAA-M antenna pattern corrections AT = Ty -T, for

one scan line.
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Atmospheric Administration was established as part of the Department of
Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact
of natural and technological changes in the environment and to monitor and predict the state of the solid
Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical information

in the following types of publications:

PROFESSIONAL PAPERS - Important
definitive research results, major techniques,
and special investigations.

CONTRACT AND GRANT REPORTS -
Reports prepared by contractors or grantees
under NOAA sponsorship.

ATLAS - Presentation of analyzed data
generally in the form of maps showing
distribution of rainfall, chemical and physical
conditions of oceans and atmosphere,
distribution of fishes and marine mammals,
ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS -
Reports containing data, observations,
instructions, etc. A partial listing includes data
serials; prediction and outlook periodicals;
technical manuals, training papers, planning
reports, and information serials; and
miscellaneous technical publications.

TECHNICAL REPORTS - Journal quality
with extensive details, mathematical
developments, or data listings.

TECHNICAL MEMORANDUMS - Reports of
preliminary, partial, or negative research or
technology results, interim instructions, and
the like.
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